At the age of 7 days twenty-four bull-calves were divided into 4 groups that received whole milk or milk replacer one or three times per day. Their duodenal morphology on day 36 of life and rearing performance from days 7 to 36 of life were assessed. Feeding frequency affected villus height and daily weight gains (P≤0.05). The duodenum weight, villus height, submucosa thickness, daily weight gains, liquid feed and nutrient utilization per kg of weight gain were influenced by type of liquid feed (P≤0.05).
INTRODUCTION
The gut mucosa in calves can be modified in response to nutritional regime (Baldwin et al., 2000) . Marked effects on duodenal morphology by the duration of feeding colostrum and of type of protein used in the diet have been observed (Blättler et al., 2001) . Given that the frequency of feeding liquid diets affects calf performance (Strzetelski et al., 2001) , it seems that it may be an additional factor influencing duodenal morphology in calves.
The objective of this study was to investigate the effects of the frequency of feeding milk or milk replacer on duodenal morphology on day 36 of life and on rearing performance from days 7 to 36 of life in calves.
MATERIAL AND METHODS
The experiment was carried out on 24 clinically healthy bull calves (cross-breed Black-and-White with Holstein-Fresian), divided at the age of 7 days into 4 groups (6 animals per group). The calves in Group 1M and 1MR received whole milk or an isonitrogenous solution of milk replacer, respectively, once a day. Those in Group 3M and 3MR received whole milk or the milk replacer, respectively, three times a day. Milk replacer protein originated from (%): soya concentrate, 60 and whey, 40. The calves were kept in individual cages and intake of feed was monitored. All of the calves were given the same concentrate mixture to appetite. Body weight was determined on days 7 and 36 of life and shortly before slaughter. On day 36 of life, 3 calves from each group were slaughtered two h after the morning feeding and within 10-15 min a segment of the small intestine (from the gastric pylorus to the duodenojejunal flexure) was excised. Tissue samples were removed for histological analysis according to Blättler et al. (2001) . Morphometric analyses were conducted with a Zeiss Axioscop (Zeiss GmbH) connected to a camera (CCD ZVS-47DE, Optronics Inc.) computer-linked system (Soft Imaging System GmbH). The distance from the crypt opening to the villus tip was determined as villus height; from the base of a crypt to the level of the crypt opening, as crypt depth, and from the end of the circular muscularis to the base of the muscularis mucosae, as the submucosa thickness.
The feeding schedule, feed evaluation and balancing of concentrate mixture were carried out according to the IZ-INRA (2001) system. Proximate analysis of feeds was performed according to standard methods. Data were analysed statistically by ANOVA based on two main effects (1-feeding frequency, 2-liquid feed type) and interaction (1×2) using the analysis of variance procedure of STATISTICA (ver. 5.1). Significant differences were claimed at P≤0.05.
RESULTS
Nutrient content and feed value are given in Table 1 . Feeding frequency affected villus height and daily weight gains (P≤0.05; Table 2 ). The type of liquid feed influenced the duodenum weight, villus height, 
DISCUSSION
This study demonstrates that increasing the frequency of feeding liquid feed affected the duodenal morphology in calves aged 36 days. The effects were most marked in calves that received milk replacer, and were reflected in higher duodenum weights and submucosa thickness and lower villus height. The causes of the differences are unknown, although diet is thought to play an important role. Feeding of protein not clotting in the abomasum resulted in significant changes of abomasal luminal pH (from 1.4 to 6.0) and also in an increased percentage of a low-pH period in a 24-h recording (Ahmed et al., 2002) . In response to acid exposure, an increase in alkaline secretion activity of submucosal glands and increase in arterial blood pressure were observed in rat duodenum (Akiba et al., 1999) . Baldwin et al. (2000) noted that an increase in the intestinal mass resulted from stimulation of cell proliferation by volatile fatty acid administration. The lower villus size found in our study points to increased apoptotic rates and shorter survival times of villus cells (Blättler et al., 2001) . It seems that the duodenal morphology in calves receiving milk replacer was influenced in part by a mucosal reaction to duodenal lumen pH. The calves were nevertheless able to utilize the ingested feed with a similar efficiency despite the differences in duodenal morphology. The effects of the higher feeding frequency on duodenal morphology in calves receiving whole milk were less marked. The milk protein clotting effect resulted in a beneficial, additional continuous supply of nutrients, and the digestive tract released bioactive substances evoking favourable nutritional responses (Clare and Swaisgood, 2000) .
In conclusion, this study demonstrates that increasing feeding frequency affected duodenal morphology, but the differences can be considered of questionable biological importance because they were not reflected in feed or nutrient utilization per kg of weight gain
